Globular and pre-fibrillar prion aggregates are toxic to neuronal cells and perturb their electrophysiology.
Prion diseases are characterised at autopsy by neuronal loss and accumulation of amorphous protein aggregates and/or amyloid fibrils in the brains of humans and animals. These protein deposits result from the conversion of the cellular, mainly alpha-helical prion protein (PrP(C)) to the beta-sheet-rich isoform (PrP(Sc)). Although the pathogenic mechanism of prion diseases is not fully understood, it appears that protein aggregation is itself neurotoxic and not the product of cell death. The precise nature of the neurotoxic species and mechanism of cell death are yet to be determined, although recent studies with other amyloidogenic proteins suggest that ordered pre-fibrillar or oligomeric forms may be responsible for cellular dysfunction. In this study we have refolded recombinant prion protein (rPrP) to two distinct forms rich in beta-sheet structure with an intact disulphide bond. Here we report on the structural properties of globular aggregates and pre-fibrils of rPrP and show that both states are toxic to neuronal cells in culture. We show that exogenous rPrP aggregates are internalised by neuronal cells and found in the cytoplasm. We also measured the changes in electrophysiological properties of cultured neuronal cells on exposure to exogenous prion aggregates and discuss the implications of these findings.